This study evaluated the impact of five, single-or double-moment bulk microphysics schemes (BMPS) on 13 Weather Research and Forecasting (WRF, version 3.6.1) model simulations of seven, intense winter time cyclone 14 events impacting the Mid-Atlantic United States. Five-day long WRF simulations were initialized roughly 24 hours 15 prior to the onset of coastal cyclogenesis off the coast of North Carolina. Validation efforts focus on microphysics-16 related storm properties including hydrometer mixing ratios, precipitation, and radar reflectivity by comparing model 17 output to model analysis and available gridded radar and rainfall products across 35 WRF model simulations (5 18 BMPSs and seven cases). Comparisons of column integrated mixing ratios and mixing ratio profiles revealed little 19 variability in non-frozen hydrometeor species due to their common programming heritage, yet assumptions about 20 snow and graupel intercepts, ice supersaturation, snow and graupel density maps, and terminal velocities lead to 21 considerable variability in frozen hydrometeor species and in turn radar reflectivities. WRF model simulations were 22 found to produce similar precipitation coverage, but simulations favored excessively high precipitation amounts 23 compared to observations and low to moderate (0.217-0.414) threat scores. Finally, comparison of contoured 24 frequency with altitude (CFAD) plots between WRF and gridded observed radar reflectivity fields yielded notable 25 variations between BMPSs with schemes favoring lower graupel mixing ratios and better aggregation assumptions 26 compared more favorably to observations. 27 1 Introduction 28 Bulk microphysical parameterization schemes (BMPSs) within numerical weather prediction models have 29 become increasingly complex and computationally expensive. Modern prognostic weather models, such as the 30 Weather Research and Forecasting (WRF) model (Skamarock et al., 2008), offer BMPS options ranging from 31 simplistic, warm rain physics (Kessler, 1969) to complex, six-class, two-moment microphysics (Morrison et al., 2009). 32 Microphysics and cumulus parameterizations drive cloud and precipitation processes within numerical weather 33 prediction models and directly or indirectly impacts radiation, moisture, aerosols, and other simulated processes. 34 Citing its importance, Tao et al. (2011) detailed more than 36 published, microphysics-focused studies focusing on 35 idealized simulations, hurricanes, or mid-latitude convection. More recently, the observational studies of Stark (2012) 36 and Ganetis and Colle (2015) investigated microphysical species variability within United States (U.S.) east coast 37 winter-time cyclones (locally called "nor'easters") and have called for further studies investigating how microphysical 38 parameterizations impact simulations of these powerful cyclones. 39 A "nor'easter" is a large (~2000 km), mid-latitude cyclone occurring from October to April and is capable of 40 bringing punishing winds, copious precipitation, and potential coastal flooding to the Northeastern U.S. (Kocin and 41 Uccellini 2004; Jacobs et al., 2005; Ashton et al., 2008). This region is home to over 65 million people and produces 42 16 billion U.S. dollars of daily economic output (Morath, 2016). Given its high output, nor'easter-related damages 43 and disruptions can be extreme. Just ten strong, December nor'easters, between 1980 and 2011, produced 29.3 billion 44 U.S. dollars in associated damages (Smith and Katz, 2013) . BMPSs are key to accurate simulations of a nor'easter's 45 precipitation and microphysical properties and will be the focus of this study.
47
addressed key nor'easter drivers including frontogenesis and baroclinicity (Bosart, 1981 
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Similar to previous studies, we will evaluate WRF winter storm simulations and their sensitivity to six-and seven-73 class BMPSs, but our primary focus will be microphysical properties and precipitation. The remainder of this paper 74 is divided into three sections. Section 2 explains the methodology and analysis methods. Section 3 shows the results.
75
Finally section 4 describes the conclusions, its implications, and prospects for future research. 
107
To investigate BMPS influence upon W361 nor'easter simulations, five BMPS are used ( Table 2) . As shown in 108 
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In Eq. (1), PMR is the precipitable mixing ratio in mm, ρ is the density of water (1000 kg m -3 ); g is the gravitational 130 constant (9.8 m s -2 ); psfc is the surface pressure (Pa), ptop is the model top pressure (Pa); w is the mixing ratio (kg kg -131 1 ); dp is the change in atmospheric pressure between model levels (Pa). Only water vapor can be validated because 244 Table 3 shows Case 4 as a clear outlier where its low threat score and bias values deviate more than two standard 245 deviation from the composite mean due to its non-coastal track (Fig. 1) and thus it will be excluded from this section 246 of the analysis. For the remaining six cases, Table 4 
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These two heights were selected because they pass through the two MRMS dBZ frequency maxima shown in Fig. 8 .
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Finally, Fig. 11 
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The study has shown that although subtle in the large-scale environment, cloud microphysics do make small, but Figure 5 . The y-axis shows height above mean sea
